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reductions observed in high-dose dams during the first 4 days of treatment. In another study 
evaluating the development of mice, no differences in the onset of reflexes, and no variations in 
body weights were observed in nursing pups 30 days following birth whose mothers received 50 
mgkg body weightlcky of bovine brain phosphatidylserine complex in aqueous solution 
beginning on the day of parturition (Fagioli et a/., 1989; Ammassari-Teule et a/., 1990). These 
data support that phosphatidylserine is not a reproductive or developmental toxicant. 

Genotoxicity Studies 

Results of in vitro assays for mutagenic and clastogenic activity were consistently negative 
following incubation of mammalian cells (human and mouse cells) with the brain-derived 
phosphatidylserine complex in the absence and presence of metabolic activation (Heywood et 
a/., 1987). Likewise, in mice, the phosphatidylserine complex did not induce an increase in 
micronucleus frequency in bone marrow cells following 2 successive gavage administrations of 
the complex at dose levels of 15,75, or 150 mgkg body weight in comparison to controls. 

Summary of Toxicological Assessment 

The above studies, which were conducted by a reputable contract research organization and 
include the study of standard toxicological endpoints in several species, several routes of 
administration using multiple doses, and different durations of treatment, up to one year, support 
the safety of phosphatidylserine for addition to foods. Based on the absence of any 
toxicologically significant adverse effects, results of the 26-week rat and the 1 -year dog gavage 
studies support a. no-observed-adverse-effect level (NOAEL) of 1,000 mgkg body weighvday 
for a phosphatidylserine preparation from bovine brain (Heywood et a/., 1987). 

Cllnical Studies 

As a result of a potentially beneficial effect of phosphatidybesim on cognitive function, a 
number of open-label and placebo-controlled double-blind studies have been conducted in 
humans to assess the efficacy of orally administered phosphatidylserine. The majority of trials 
available were performed with brain-extracted phosphatidylserine complexes (Delwaide et a/., 
1986; Allegro et a/., 1987; Fiinfgeld and Nedwidek, 1987; Palmieri et a/., 1987; Puca et a/., 

. 1987; Ransmayr etal., 1987; Sinforiani eta/., 1987; Crook etal., 1991, 1992; Cenacchi eta/., 
1993). There were also several studies, including studies performed with Lipogen's soy lecithin 
phosphatidylserine complex, in which subjects received plant source-derived phosphatidylserine 
(Gindin et a/., 1992, 1994,2000; Shinitzky, 1999; Schreiber et a/., 2000; Benton et a/., 2001; 
Jorissen et a/., 2002; Hellhammer et a/., 2004). 

In a 12-week study performed by Jorissen ef a/. (2002), in which test groups were provided daily 
300 or 600 mg of soy lecithin-derived phosphatidylserine, no clinically significant variations were 
reported in blood chemistry or hematology, and no differences were noted in the occurrence of 
side effects among the test and placebo groups. In the remaining studies conducted with 
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phosphatidylserine of plant origin, evaluation of safety following daily treatment with 
phosphatidylserine over periods of 21 days to more than a year was limited to a subjective 
assessment of tolerability. Gastrointestinal disturbances consisting mainly of flatulence were 
reported in a 12-week study conducted with individuals exhibiting cognitive decline, in which test 
subjects consumed 300 mg of phosphatidylserine/day; however, the study protocol did not 
include a group of placebo patients (Schreiber et a/., 2000). Thus, the absence of a placebo 
group precluded a conclusion as to whether or not gastrointestinal side effects reported in 
subjects receiving phosphatidylserine were treatment-related. In another study recruiting 
healthy young adult males, side effects were reported to occur in placebo, but not in soy lecithin 
phosphatidylserine-treated (300 mg/day) subjects (8enton et a/., 2001). Additionally, no side 
effects related to the oral administration of Lipogen’s soy lecithin phosphatidylserine complex at 
dose levels providing up to 800 mg phosphatidylserine/day for periods of 3 weeks to more than 
1 year were reported (Gindin et a/., 1994,2000; Hellhammer et a/., 2004). Likewise, in an 
efficacy study also conducted with Lipogen’s soy lecithin phosphatidylserine complex, there was 
no indication of the occurrence of any adverse side effects in test subjects receiving daily 
300 mg of phosphatidylserine (Gindin et a/., 1992, 1993). Moreover, test subjects experienced 
significant improvements in memory and mood. No adverse effects were reported by study 
participants in a single-dose study conducted to assess the absorption of phosphatidylserine 
provided as part of Lipogen’s soy lecithin phosphatidylserine complex (Shinitzky, 1999). 

A number of studies performed with phosphatidylserine extracted from animal brain tissues, 
support the safety of orally administered phosphatidylserine. In a series of double-blind studies 
up to 6 months in duration in which study subjects were provided daily doses of 300 mg of 
phosphatidylserine from brain extracts, the phosphatidylserine complexes were generally 
reported to be well tolerated and no significant side effects were observed (Delwaide et a/., 
1986; Palmieri et a/., 1987; Ransmayr et a/., 1987; Crook et al., 1991 a 6 9 9 2 ;  Cenacchi et a/., 
1993). A single incident of dizziness in a group of 215 phosphatidylserine-treated test subjects 
was reported in the study conducted by Cenacchi et a/. (1 993). Gastrointestinal side effects in 
the Cenacchi et a/. (1993) study were limited to subjects in the placebo study group, whereas in 
the study performed by Ransmayr et a/. (1987) incidences of gastrointestinal discomfort were 
reported in both the test and placebo subjects. In 2 studies in which blood chemistry 
parameters also were monitored, no variations related to treatment with phosphatidylserine 
were noted (Palmieri etal., 1987; Cenacchi etal., 1993). 

The safety and tolerability of phosphatidylserine is further corroborated by a number of open- 
label trials, in which individuals also were provided brain-derived phosphatidylserine for oral 
consumption at daily dose levels of up to 500 mg with treatment extending over periods of up to 
60 days (Allegro et a/., 1987; Fiinfgeld and Nedwidek, 1987; Puca et a/., 1987; Sinforiani et a/., 
1987). No side effects were reported and in cases where blood chemistry was evaluated, 
results in comparison to baseline values were unremarkable. In an additional study, 50 mg/day 
of phosphatidylserine (source not specified) was intramuscularly administered to women for a 
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period of 30 days (Manfredi et a/., 1987). As in the trials in which phosphatidylserine was 
provided in capsules for oral administration, blood chemistry and hematology analyses were 
unremarkable, and phosphatidylserine treatment was well tolerated. 

Additionally, a number of efficacy studies were conducted with phosphatidylserine complexes 
orally administered at dose levels of up to 500 mg for periods of up to 60 days to elderly patients 
exhibiting cognitive decline in which no adverse effects were apparent (Caffarra and 
Santamaria, 1987; Granata and Di Michele, 1987; Villardita et a/., 1987; Engel et a/., 1992; 
Heiss et a/., 1993, 1994); however, in these studies the authors did not indicate whether the 
occurrence of adverse effects was monitored. In the 6-month study conducted by Heiss et a/. 
(1 994), in which phosphatidylserine was provided to subjects at dose levels of 400 mg/day, 
complete blood cell counts and routine blood chemistry were performed once every 4 weeks 
during the treatment period; however, results of the clinical chemistry evaluations were not 
discussed. 

In addition to the data reported in the individual studies, Cennachi eta/. (1987) assessed the 
human tolerability of bovine brain cortex-derived phosphatidylserine provided at daily dose 
levels of 300 mg for a period of 6 weeks by collectively analyzing results obtained for several 
common clinical chemistry parameters [Le., blood cell count, glucose, uric acid, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), ALP, creatinine, bilirubin, cholesterol, 
and triglycerides], as evaluated by a number of different investigators encompassing a total of 
130 patients (65M, 65F). Although treatment with phosphatidylserine was reported to induce 
significant reductions in both uric acid levels and serum ALT activity in adult males in 
comparison to baseline values, the biochemical variations were determined to have no clinical 
relevance. 

Although the Physicians' Desk Reference for Nutritional Supplements (PDRNS) reports rare 
cases of gastrointestinal disturbances, particularly nausea, occurring as a result of 
phosphatidylserine stimulation of dopamine release following ingestion of larger doses (Le., 
200 mg per single dose or higher), the Occurrence of side effects related to gastrointestinal 
function as a result of phosphatidylserine ingestion was not confirmed in any of the human 
clinical trials. Since the purpose of most of the trials was to assess the efficacy of 
phosphatidylserine with respect to improvement of neurological function and of age-related 
memory decline, subjects typically were elderly patients with a range of neurological disorders 
(ie., Parkinson's, Alzheimer's disease) or other underlying medical conditions. In spite of the 
participation of study populations with somewhat compromised health, no significant adverse 
effects were reported in any of the studies. Moreover, in several of the clinical trials, subjects 
were permitted to continue taking their usual medications for the various pre-existing medical 
conditions. With the exception of blood pressure fluctuations observed in some hypertensive 
subjects in the study performed by Ransmayr et a/. (1983, requiring adjustment of the dosages 
of antihypertensive agents, no interactions with any other medications were observed. 
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Moreover, in the study in which blood pressure variations were reported, it was not specified 
whether variations occurred in the placebo or test groups. Furthermore, it is possible that the 
fluctuations occurred as a result of alterations in the patients’ health, rather than as a result of 
an interaction between phosphatidylserine and the antihypertensive agents. 

On the basis of the existing data from animal studies and the knowledge that phosphatidylserine 
is a component of the diet including breast milk, there is no reason to expect any potential 
unusual susceptibilities among diverse populations. 

SUMMARY 

Lipogen intends to market a complex of phosphatidylserine, an endogenously occurring amino 
phospholipid, as an ingredient in food in order to increase the dietary intake of 
phosphatidylserine in the general population. The phosphatidylserine complex is intended to be 
added to a variety of food products including baked goods, beverages, cereals, cheese, coffee, 
tea, condiments, fats, oils, jams, milk, dairy product analogs, processed fruits and fruit juices, 
snack foods, soft candy, and grain, nut, plant protein and milk products. Depending on the 
particular food category, the soy lecithin phosphatidylserine complex is proposed for use as a 
food ingredient at use levels of up to 0.50% per sewing. Although soy lecithin-derived 
phosphatidylserine is not currently an ingredient added to food in the United States, unmodified 
soy lecithin and enzymatically-transformed soy lecithin using phospholipase A2 and pancreatin 
are affirmed as GRAS. Under the conditions of intended use of Lipogen’s soy lecithin 
phosphatidylserine complex, the total population all-user mean intake is estimated to be 0.71 gl 
persodday or 12.8 mgkg body weighffday. The heavy consumer (90* percentile) all-user 
intake of the soy lecithin phosphatidylserine complex from all proposed food-uses is estimated 
to be 1.1 9 g/person/day or 23.5 mgkg body weighffday. Based on the composition of the soy 
lecithin phosphatidylserine complex (approximately 20% phosphatidylserine), these estimates 
would provide phosphatidylserine mean and 90* percentile intakes of 140 mg/persodday 
(2.6 mgkg body weighvday) and 240 mglpersodday (4.7 mg/kg body weighvday), respectively. 
Phosphatidylserine is a phospholipid identified to occur naturally in human, as well as other 
animal and plant cells, where it functions as an essential structural component of cell 
membranes. Given its natural occurrence in commonly consumed foods such as meats, egg, 
and soy, phosphatidylserine is consumed as part of the habitual diet. 

The soy lecithin phosphatidylserine complex is produced by Lipogen in accordance with current 
good manufacturing practices (GMPs) and meets appropriate food-grade specifications. The 
manufacturing process consists of an enzymatic modification of soy lecithin via phospholipase D 
activity derived from cabbage extract. Specifically, the enzyme catalyzes the hydrolysis of 
phosphatidylcholine or phosphatidylethanolamine resulting in the release of the choline and 
ethanolamine moieties, respectively, and formation of phosphatidic acid, which is subsequently 
esterified with exogenously added serine. Once complete, the enzymatic activity is terminated, 
and the resulting soy lecithin phosphatidylserine complex is subject to purification and drying, 
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and is ultimately formulated into a liquid or powder product. In order to ensure a consistent 
product, Lipogen has established numerous chemical and microbiological specification 
parameters for the final formulated liquid and powder soy lecithin phosphatidylserine 
complexes. Batch samples are routinely assayed to verify that the set limits are met, ensuring a 
safe product. 

From data available on the absorption, metabolism, and elimination of orally administered 
phosphatidylserine, results indicate that only a relatively minor portion of phosphatidylserine is 
absorbed systemically unmetabolized. The majority of an oral dose of the phospholipid is 
subject to extensive hydrolysis in the gastrointestinal tract, resulting among other degradation 
products in the formation of lysophosphatidylserine. Moreover, phosphatidylserine also may 
undergo decarboxylation to phosphatidylethanolamine in the absorptive epithelial cells of the 
intestine. Following systemic absorption, phosphatidylserine and its metabolites enter the 
circulation via the lymphatic system or hepatic portal vein. Following oral treatment only 18% of 
the administered dose recovered in lymph was liposoluble with 80% consisting of triglycerides, 
indicating complete degradation of phosphatidylserine and use of the glycerol fraction in de 
novo synthesis. Thus, the majority of orally administered phosphatidylserine was converted to 
hydrophilic metabolites. 

Results of animal toxicity studies indicated some adverse effects following intravenous and 
intramuscular injection of phosphatidylserine (Heywood et a/., 1987). However, these results 
are not relevant to the oral route of exposure, particularly in light of the limited absorption of 
unhydrolyzed phosphatidylserine. Likewise, although following subcutaneous injection of 
phosphatidylserine liposomes at dose levels of 25 mgkg body weight, inhibition of immune 
responses was reported in mice (Hoffmann et a/., 2005), given the extensive degradation and 
highly limited systemic absorption of phosphatidylserine following oral administration, it is not 
expected that phosphatidylserine from its use a food additive would significantly alter immune 
system function. In contrast, following oral administration of phosphatidylserine to rats and dogs 
at dose levels of up to 1 ,OOO mg/kg body weightlday for a period of up to 1 year, statistically 
significant variations were limited to fluctuations in isolated clinical chemistry and urinalysis 
parameters at the highest dose level and in no case were accompanied by any organ weight 
differences, or macroscopic or histopathological abnormalities (Heywood et a/., 1987). 

Additionally, results of in vitro and in vivo mutagenicity and genotoxicity assays conducted with 
bovine cortex-derived phosphatidylserine were unequivocally negative (Heywood et a/., 1987). 
No variations in several reproductive parameters and no teratological abnormalities were 
observed in rodents following administration of phosphatidylserine during gestation (Heywood et 
a/., 1987). Administration of phosphatidylserine to lactating mice also did not adversely affect 
pup development (Fagioli et a/., 1989; Ammassari-Teule et a/., 1990). 

Moreover, for purposes of assessing the potentially beneficial effect of phosphatidylserine with 
respect to neurological function, phosphatidylserine complexes have been extensively studied in 
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human trials. Although most clinical studies were conducted with phosphatidylserine extracted 
from brain tissue, a number of studies was conducted with plant source-derived 
phosphatidylserine, including published and unpublished studies in which subjects received 
Lipogen's soy lecithin phosphatidylserine, with one study focusing specifically on the safety of 
soy lecithin phosphatidylserine (Jorissen et a/., 2002). During the 12-week treatment period, 
study participants received 3 times daily 2 gelatin capsules containing food-grade 
phosphatidylserine powder (40% of pure phosphatidylserine) in amounts providing 50 or 100 mg 
of phosphatidylserine. Thus, in total, study participants received daily doses of 300 or 600 mg 
of phosphatidylserine. Following the treatment period, hematology and blood biochemistry did 
not reveal any statistically significant variations in comparison to the placebo group, and all 
fluctuations were reported to remain within the normal limits of variation. Specifically, the blood 
chemistry variations observed in orally treated animals were not confirmed by studies conducted 
in human subjects. Furthermore, phosphatidylserine administration did not adversely affect vital 
signs and the total number of side effects reported by test subjects did not differ significantly 
from study participants receiving placebo capsules. In the studies conducted with Lipogen's soy 
lecithin phosphatidylserine, no side effects related to the oral administration of 
phosphatidylserine at dose levels of up to'800 mg/day were reported (Gindin et a/., 1994, 2000; 
Hellhammer et a/., 2004). Given the overall structural similarities between soy lecithin- and 
brain cortex-derived phosphatidylserine, the safety of phosphatidylserine is additionally 
supported by the results of double-blind and open-label efficacy trials in which brain tissue- 
derived phosphatidylserine complexes at dose levels of up to 500 muday were not associated 
with any treatment-related adverse effects. 

Based on the absence of any toxicologically significant adverse effects, results of the 26-week 
rat and the 1-year dog gavage studies support a no-observed-adverse-effect level (NOAEL) of 
1,000 mgkg body weightlday for a phosphatidylserine preparation from bovine brain (Heywood 
et a/., 1987'). Estimates of intake under the intended conditions of use of the soy lecithin 
phosphatidylserine complex indicate an all-user intake level of 23.5 mgkg body weightlday for 
the heavy-end consumer (90" percentile). Accordingly, the NOAEL of 1,000 mgkg body 
weighvday is several fold greater than the 90" percentile estimated intake level of the soy 
lecithin phosphatidylserine complex from its addition to food. Moreover, the daily dose levels of 
pure phosphatidylserine (Le., up to 600 mg/day) obtained from a soy lecithin powder which did 
not induce any clinically significant adverse effects in humans following a 12-week treatment 
period (Jorissen et a/., 2002), exceed the estimated all-user intake of Lipogen's soy lecithin 
phosphatidylserine complex (Le., 240 mg/person/day at the 90* percentile) by 2.5-fold. 

Overall, when viewed in its entirety, the scientific evidence presented above indicates that under 
the conditions of intended use in foods, the soy lecithin phosphatidylserine complex would 
reasonably be expected to be safe. The bioavailability of orally ingested unmetabolized 
phosphatidylserine is largely limited by extensive hydrolysis in the gastrointestinal tract prior to 
absorption. The safety of the soy lecithin phosphatidylserine complex is confirmed by a series 
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of published short- and long-term animal toxicity studies, as well as human clinical trials, 
consistently reporting no toxicologically significant adverse effects relevant to the conditions of 
intended use in foods. The total body of published data and information summarized in this 
report demonstrates that the soy lecithin phosphatidylserine complex meeting appropriate food- 
grade specifications is GRAS, based on scientific procedures, under the conditions of intended 
use in foods. 
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CONCLUSION 

We, the Expert Panel, I ,ave independently and collectively, critically evalu ted the data and 
information summarized above and conclude that Lipogen's soy lecithin phosphatidylserine 
complex, meeting appropriate food grade specifications and produced in according with current 
good manufacturing practice, is Generally Recognized as Safe (GRAS) based on scientific 
procedures under the conditions of intended use in foods specified herein. 
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